Progress in research of metal fibers air –laid process  by Zhu, Jilei et al.
Procedia Engineering 27 (2012) 775 – 780
1877-7058 © 2011 Published by Elsevier Ltd. Selection and/or peer-review  under responsibility of Chinese Materials Research Society
doi:10.1016/j.proeng.2011.12.519





          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
2011 Chinese Materials Conference 
Progress in research of metal fibers air –laid process 
Jilei Zhu a,b, Huiping Tang b,a,*, Jun Sun a, Jianzhong Wang b, Qingbo Ao b, Hao 
Zhi b 
aState Key Laboratory for Mechanical Behavior of Materials, Xi'an Jiaotong University, Xi’an 710049, P.R. China 
bState Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China 
 
Abstract 
As a new type of porous metals, fiber metal porous materials were applied for filtration and separation, sound absorption, 
enhanced heat and mass transfer. The application performances of porous metal fiber materials depend on its pore structure 
characteristics. The webbing is the first step of porous metal fiber materials fabrication, which determines the pore structure. 
Air-laid is the most common method to metal fiber webbing, the fibers disperse, suspend and sediment to metal fiber felt 
with pore structure with air flow. At present, the research on process of metal fiber air-laid is far from mature. Metal fiber 
porous material cannot be prepared for effective guidance practice. This paper reviewed the research on the fiber movement 
and sedimentation in the flow field to provide reference for subsequent in-depth study. 
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摘要 
   金属纤维多孔材料作为新一代金属多孔材料，在过滤分离、吸声降噪、强化传质传热等方面的应用效能取决
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1. 前言 
























Thien[1]对 Erickson的 TIF模型作适当修正得到的，根据修正的 TIF模型进行数值计算的结果与实
验结果定性相似。第二个途径是对粒子个体进行受力分析，在此基础上构建粒子的动力学模型。
已有研究表明[2]，纤维状粒子在流场中受到的 Stocks 力、Basset 力和附加质量力的综合作用。朱
泽民[3]通过理论和数值分析表明纤维状粒子还受到压力梯度力、Magnus力和 Saffman力的作用，
这些力与 Stocks 力、Basset 和附加质量力等组合在一起，能够构建起纤维状粒子在流场中的动力
学方程，对粒子在二维剪切流中的运动状态进行数值计算，获得不同时刻的粒子分布状况。计算
结果表明，纤维状粒子在剪切流中的运动状态受到拟序结构的制约。 










               
Fig. 1 Orientation distribution of slender particles in the riser Fig. 2 Simulation of fluidization of slender particles in the riser 
(a) single particle, (b) particles collide with wall, (c) inter-particle 
collision, (d) with collision of particles-wall and inter-particle 
   由于细长纤维不同于球状颗粒，其结构具有很强的空间方向性，因而当其悬浮在流场中时将
使悬浮流场表现出多种非各向同性效应，如很强的拉伸粘性，第一和第二法向应力差等非牛顿流
体特性。1977 年 Evans[5]提出了空间取向分布问题，随后国外的 Folgar[6]、Bernstein[7]和国内的
林建忠[8]等人通过模拟计算和实验等手段先后研究了纤维在流体中的悬浮和取向分布问题。纤维
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Fig. 1. Sedimentation process of nine cylindrical particles (ratio is 4)[13] 
4. 纤维模型的建立与改进 
   目前，气/固两相流的研究主要是在气体/颗粒状固体的两相流动方面，而气流/纤维两相流问
题的特殊性在于：纤维长径比大、有弹性和柔性。因此，研究气流/纤维两相流，首先要对纤维进
行模型化。 








   为了更为准确描述细长柔性颗粒的运动特性，Yamamoto[20]在 1993年提出了模拟流场中刚性
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